Magnesioriebeckite and penninite are described from a shear zone. The chemical analyses, indexed powder diffraction data, unit cell dimensions, specific gravities and optical properties are given for these minerals. The zonality of magnesioriebeckite is described with the aid of semiquantitative electron probe microanalyses. The origin of magnesioriebeckite and penninite is discussed.
Introduction
During explorations carried out by the Geological Survey of Finland in the Puolanka area, NE Finland, in the summer of 1968 a shear zone between the Prekarelidic basement gneiss complex and the psammites of the Karelidic belt was intersected by a drill hole (No. 10, Fig. 1 ). In this shear zone a blue amphibole and a yellow mica-like mineral were detected which were identified as magnesioriebeckite and penninite, respectively. Their occurrence is restricted to the contacts of an albite-rich metadiabase. Associated minerals are carbonate, quartz, albite, biotite and talc. Alkali amphiboles have been described in Finland from Kiihtelysvaara (riebeckite-arfvedsonite) , Otanmäki (Hytönen and Heikkinen 1966) , Siilinjärvi (richterite) (Puustinen 1972) and Savukoski (Paarma 1970 ). Magnesioriebeckite has not previously been described from Finland. The only analyzed Finnish »penninite» (actually chamosite) is that from Raajärvi (Nuutilainen 1968) .
The purpose of this study is to give a mineralogical description of the magnesioriebeckite and penninite from Puolanka and to discuss their origin. Pentti Ojanperä performed the wet chemical analyses. Kauko Laajoki did the other mineralogical studies and wrote the manuscript.
Petrography
The shear zone under consideration is situated in the tectonic contact between the Prekarelidic basement gneiss complex and the Jatulian psammite formations of the Karelidic belt ( Fig. 1) rich parts and talc seams up to 20 cm broad are frequent. Microcline balls and fragments ranging up to 2 cm in diameter are typical of these shear zones. The balls and fragments consist mainly of fine-and even-grained microcline and quartz grains. Sometimes microcline occurs as phenocrysts in a fine-grained groundmass. Although these shear zones are very similar to that of drill hole No. 10 no magnesioriebeckite was found.
Magnesioriebeckite
Magnesioriebeckite occurs as euhedral needles ranging up to 2 mm in length. The main part of the amphibole is light blue in colour. Occasionally also dark blue crystals are encountered. These varieties are called magnesioriebeckite-1 and magnesioriebeckite-2, respectively. For chemical analysis magnesioriebeckite-1 was separated from the core of drill hole No. 10, depth 44.35-44.90 m using Clerici's solution and aFranzisodynamic separator. The final purification was done by hand picking under a binocular microscope until no foreign grains were detected. Slight quantities were seen in some grains of a reddish brown pigment which was insoluble in hydrocloridic acid. Under a binocular microscope and in immersion liquids the colour of magnesioriebeckite-1 varied from almost colourless to blue. The chemical analysis of magnesioriebeckite-1 is presented in Table 2 . It is very close in composition to that of theoretical magnesioriebeckite (Table 4) . As, however, the number of R'" is less than 2.00 and the number of X more than 2.00 the Puolanka amphibole has arfvedsonitic affinities (cf. Borg 1967) . On the basis of the refractive indices and the specific gravities given in Table 2 the darker magnesioriebeckite-1 is slightly richer in iron than the lighter one. In thin section magnesioriebeckite-1 is slightly zoned with an almost colourless core and a pale blue margin. The margin has higher refractive indices than the core. In this respect magnesioriebeckite-1 resembles that of Bizan (Miyashiro and Iwasaki 1957) . The interference colour is an anomalous blue. As in the case of many other alkali amphiboles, it also has incomplete extinction. The incomplete extinction of alkali amphiboles has been attributed to the inter. The lines not indexed are probably due to impurities.
growth of two amphibole components Sahlstein 1930b, Sahama 1956) or to elliptical polarization due to the non-coincidence of the principal optical and absorption directions (Faye and Nickel 1970) . As magnesioriebeckite-1 does not show any striations indicating intergrowth, its incomplete extinctions seem to be of the latter type. A fraction from the separated sample was taken for x-ray diffraction studies. The magnesioriebeckite-1 diffraction pattern (Table 3) was indexed by comparison with the patterns of synthetic magnesioriebeckite (Ernst 1960) and of the riebeckite from Hurricane Mt. (Borg and Smith 1969) . The unit cell dimensions (Table  2 ) and the d-values were calculated by regression analysis. The computer calculations were done by the Computing Center of the University of Helsinki. The 020 reflection of magnesioriebeckite-1 is presumed to be covered by the reflection (^mcas = 9.36 A) of talc impurity.
In Table 4 the chemical composition and physical properties of the Puolanka magnesioriebeckite-1 are compared with those of some other magnesioriebeckites and with the theoretical compound. The Puolanka amphibole has a slight excess of A1203, MgO and CaO and a marked deficiency of Fe203 compared with the theoretical compound Na2Mg3Fe2Si8022 (OH)2. The chemical compositions, the refractive indices and the extinction angles of the magnesioriebeckites from Puolanka and Zesfontein are very similar, but the axial angles and and specific gravities differ. The arfvedsonitic affinities of the Puolanka amphibole are obvious when its chemical composition is compared with that of the Bizan magnesioriebeckite, which belongs to the magnesioriebeckite-ferroglaucophane group (Miyashiro 1957) .
The unit cell dimensions of the Puolanka magnesioriebeckite-1 are systematically somewhat smaller than those of the averages of synthetic magnesioriebeckites (Table 4) .
The Puolanka magnesioriebeckite-2 occurs only at a depth of 48.40-48.70 m and was inadequate for chemical analysis. It shows complete extinctions in sections close to (100), but not in others, and is zoned in the same way as magnesioriebeckite-1. The semiquantitative electron probe microanalyses of the cores and darker margins of both Puolanka magnesioriebeckites are given in Table 5 . The analyses were done by a Geoscan microanalyser with a chemically analyzed natural hornblende as standard. The analyses are averages of three determinations. Excluding the NaaO content, the wet chemical and the microanalysis of the Puolanka magnesioriebeckite-1 are in moderately good agreement. As a whole, magnesioriebeckite-2 contains more iron and less MgO than magnesioriebeckite-1, so that it is slightly more riebeckitic in composition. The margins of both minerals are richer in iron and poorer in MgO, in CaO and, especially in the case of magnesioriebeckite-1, poorer in A1203 than the cores. The Na.O content seems to be almost constant. In white light, using the abbreviations of Borg (1967) , magnesioriebecite-1 has R and magnesioriebeckite-2 O indicatrix orientation. Both magnesioriebeckites show optic axial dispersion (Fig. 3) . The incomplete extinction greatly hampered the U-stage determinations. Contrary to the glaucophanic amphiboles described by Banno (1960) the optic axial dispersion of the Puolanka magnesioriebeckites is r > v for normal-symmetric (O) and r < v for parallelsymmetric (R) orientations.
The extinction angle dispersion seems to be almost linear and is stronger for magnesioriebeckite-2. Crossed axial plane dispersion of alkalic amphiboles has previously been described by Jans (1964) and Jans and de Béthune (1968) . In accordance with the investigation by Jans (1964) the point of the Puolanka magnesioriebeckite-1 falls in the field in his diagram, where the position of the optic axial plane is variable (Fig. 4) . riebeckite. No foreign grains were detected in the final sample. Slight quantities of the same reddish brown pigment were observed as in magnesioriebeckite. The chemical analysis is given in Table 6 . The CaO content of chlorite may be due to interstitial carbonate. According to the classification of Hey (1954) and of Foster (1962) , the Puolanka chlorite is penninite.
There are very few penninites in the recent literature for which both chemical composition and physical properties have been given. One of these is the »penninite» from Raajärvi, Finland (Nuutilainen 1968, p. 60) . However, if the classifications of Hey (1954) and of Foster (1962) are strictly adhered, it should be called chamosite or clinochlore, respectively. Compared The lines not indexed are probably due to impurities.
with the Puolanka penninite, the Raajärvi »penninite» contains only slightly more Fe203, FeO and A1203 and slightly less Si02. The Raajärvi »penninite» has a = 1.578, y = 1.580, ZVa 20° and positive elongation. Evidently owing to its higher iron content the Raajärvi »penninite» differs from the Puolanka penninite in pleochroism (a = colourless, ß ^ y blue green) and in interference colours (abnormally brown) (cf. Table 6 ). The indexing of the powder pattern (Table 7 ) was based on ASTM card No. 10-183. On the basis of the powder pattern the Puolanka penninite is monoclinic (Brown and Bailey 1962, Table 3-4) . The unit cell dimensions (Table 6) were calculated from the formulae given by Shirozu (1958, p. 216) . These dimensions are almost identical with those given in the ASTM card mentioned above. The basal spacing d001 of chlorite is principally influenced by the substitution of Al by Si. Quantitative relationships of this substitution have been examined by severa authors (Hey 1954 , Brinley and Gilleryl 1956 , in Deer, Howie and Zussman 1962 , and Shirozu 1958 (Table 6 ).
Discussion
Magnesioriebeckite occurs in alkalic igneous rocks and in carbonatites (Kovalenko 1968) , in low grade schists, in marbles, as crocidolite in metamorphosed ironstones and as an authigenic mineral (Miyashiro and Banno 1958 , Ernst 1964 , Deer, Howie and Zussman 1963 .
Magnesioriebeckite is consequently stable over a wide range of physical conditions in the rocks of appropriate bulk composition (high soda, magnesia and ferric iron, and low alumina and lime) (Ernst 1960) . In his discussion on the genesis of the South Australia magnesioriebeckite, (crocidolite) Ernst (1960) states that it possibly crystallized under conditions of soda metasomatism involving relatively high Pco. He also suggests that the formation of the Bizan magnesioriebeckite doubtless reflects the high Fe203 content of the rock (Ernst 1960) .
Chlorite is widely distributed in low grade metamorphic rocks, especially in those of the greenschist facies. In igneous rocks it generally occurs as a hydrothermal alteration product of primary ferromagnesian minerals (Deer, Howie and Zussman 1962) . The site and the association of the penninite-and magnesioriebeckite-bearing rocks of Puolanka indicate that these rocks formed from metadiabases by dislocation metamorphism. The formation of magnesioriebeckite is intimately associated with the replacement of albite by carbonate. The trace element contents (Table 8) suggest that the carbonate substance is of sedimentary origin, even thouhg its Ba content greatly deviates from that of the limestones (mainly dolomites) of the Puolanka area. The Puolanka magnesioriebeckite is supposed to have formed by the reaction:
(1) 2NaAlSi3Os + Fe304 + 3CaMg(C03)2 + (albite) (magnetite) (dolomite) H20 + 2SiOa = Na2Mg3Fe2Si8022 + (magnesioriebeckite) 3CaCOs + FeO + A1203 + 3C02 (calcite) This equation fulfills both the conditions, high PC02 and high Fe2Oa content, discussed previously. The brownish yellow substance occurring in connection with the carbonates of drill hole No. 10 is thought to represent the excess of substance of this reaction.
The Puolanka penninite is supposed to be a hydrothermal alteration product of biotite from pelitic schists and/or metadiabases due to the following reaction (the approximate formula of biotite is based on the comparison of its FeO (total Fe) and MgO content with those given by Deer, Howie and Zussman 1962, Table 12 , p. 58):
(2) 3 K2Mg3Fe2Al.3Fe.,Si6Al2022(0H)2 + (biotite) 5 H20 + 7 Si02 + A1203 «S Mg9Al2Fe Si,Al O20(OH)16 + (penninite) 6 KA1 Si3Os + 31/2 Fe2Os (potash feldspar) Naturally, the Fe203 released could have taken part in reaction 1. Since in the shear zone of drill hole No. 10 there is only a small amount of microcline, the potash feldspar formed by reaction 2 must have left the system.
Owing to the inadequate soda (albite) content of the metadiabase and of the other rocks in the shear zones of Iso Salmijärvi the first reaction failed to happen. The second reaction, however, took place and the potash feldspar liberated is seen as microline balls and fragments. The biotite needed must have been of pelitic origin.
